A pile foundation is one of the most popular forms of deep foundations. They are routinely employed to transfer axial structure loads through the soft soil to stronger bearing strata. Piles generally used to increase the load carrying capacity of the foundation and reduce the settlement of the foundation. On the other hand, many cases in practice where piles pass through different layers of soil that contain weak layers located at different depths and extension, also some time cavities with a different shape, size, and depth are found. In this study, a total of 96 cases is considered and simulated in PLAXIS 2D program aiming to understand the influence of weak soil on the ultimate pile capacity. The piles embedded in the dense sand with a layer of weak soil at different extension and location. The cross section of the geometry used in this study was designed as an axisymmetric model with the 15-node element; the boundary condition recommended at least 5D in the horizontal direction, and (L+5D) in the vertical direction where D and L are the diameter and length of pile, respectively. The soil is modeled as Mohr-Coulomb, with five input parameters and the behavior of pile material represented by the linear elastic model. The results of the above cases are compared with the results found in a pile embedded in dense soil without weak layers or cavities. The results indicated that the existence of weak soil layer within the surrounding soil around the pile decreases the ultimate capacity. Furthermore, it has been found that increase in the weak soil width (extension) leads to reduction in the ultimate capacity of the pile. This phenomenon is applicable to all depth of weak soil. The influence of weak layer extension on the ultimate capacity is less when it is presentin the upper soil layers.
Introduction
Pile foundation is one of the most popular forms of deep foundations. They are routinely employed to transfer axial structure loads through the soft soil to stronger bearing strata. Piles generally used to increase the load carrying capacity of the foundation and reduce the settlement of the foundation. These purposes are accomplished by transferring loads through a soft stratum to a stiffer stratum at a greater depth, or by distributing loads through the stratum by friction along the pile shaft, or by some combination of these two [1] .
Soil can be grouped into two categories depending on the method of deposition, residual soils are formed from the weathering of rocks and transported soils are those materials that have been moved from their place of origin. The method of deposition and transportation has a significant effect on the properties of resulting soil mass [2] . So many large land areas have been formed with transported soils which deposited primarily by one of the transportation methods and may be considered as weak soil. Also, the weak soil may be a man-made soil like bad filling or accumulated debris.
Weak soil may initiate many geotechnical difficulties including inadequate bearing capacity, the potential for unacceptable settlement and slope instability [3] . So the existence of weak soil is a complex problem and difficult due to the lack of understanding of phenomena of soilpile interaction and the limited quantity and inexact quantity of soil information that can be provided for analysis [4] .
There are many cases in practice where piles pass through different layers of soil that contain weak layers of soils located at different depths and locations, and some time cavities with a different shape, size, and depth.
A laboratory testing is carried out by [5] to established the performance of laterally loaded piles embedded in the soil, which contains cavities. In this study, five groups were carried out; one group included embedded pile in soil without cavities. The second and third groups are implemented on pile embedded in soil with a single cavity located in front of pile surface, in the second group, the cavity exists in the back pile surface in the third one. Group four is performed on the pile with the existence of two cavities located in front of pile surface. While the fifth group is carried out on the pile with the existence of three cavities located in front and at a variable distance from pile face. In all tests, the pile tip was free and subjected to a horizontal load. The results indicate that the number of cavities and their location MATEC Web of Conferences 162, 01025 (2018) https://doi.org/10.1051/matecconf/201816201025 BCEE3-2017 have a mutual effect on the behavior of laterally loaded pile, the effect of cavities found in front of the pile is insignificant at X/D ˃ 8 where X is the spacing between cavity and pile and D is the diameter of the pile. [6] , studied the interaction between cavities and adjacent axially loaded pile in clayey soil using the 3D-FE program. A comparison of the behavior of load settlement curve, shear stress on the pile and lateral stress on the pile, is made for cases of the variation in the cavity positions in the vertical direction. It has been concluded that the effect of the cavity on the shear stress along pile length and on the lateral soil stress on the pile is ignored for the depth greater than 20% of the pile length from the ground level. [7] , performed a numerical study using (Plaxis 2D) to analyze the performance of the piles subjected to axial loads and to find the effect of existing weak soils and cavities on ultimate pile capacity with different locations, thickness, and soil properties. The results show that the variation between the ultimate capacity ratios with weak soil layer thickness seems to be linear for all cases for weak soil layer properties. Moreover, presence of cavity reduced the ultimate capacity ratio for the pile, the most dangerous situation when the cavity is located near the pile base. In this study, the research focused on presenting a numerical model using (PLAXIS 2D) as a finite element method to simulate and analyzed the behavior of the pile under axial loads and to find the ultimate pile capacity regards to presence of weak soil layer and cavity at different locations and different extension. [8] Found that the agreement between numerical results of end bearing resistance of drilled shafts and available experimental and empirical relations is satisfactory. It can be concluded that the elastoplastic Mohr-Coulomb constitutive law with stress-dependent elastic parameters is suitable for numerical modeling of end bearing capacity of drilled shafts in sand and also in sandy soils, with an increase in the pile embedment depth, the end bearing capacity increases at a decreasing rate. The Numerical analyses show that at the pile tip displacement equal to 5% of pile diameter, the end bearing capacity of drilled shafts with different diameters are approximately equal. This means that the end bearing capacity is less dependent on the changes in drilled shaft diameter provided the associated tip displacement be equal to 5% pile diameter.
Behavior of a single pile in layered soil
According to [9] only punching shear failure occurs in deep foundations to attach importance to the density of the soil so long as the depth-width ratio Lid is greater than four where L = length of pile and d = diameter (or width of pile), the failure surfaces do not revert to the shaft
load at failure applied to the pile base resistance = shaft resistance = effective overburden pressure at the base level of the pile = bearing capacity factors which take into account the shape factor = bearing area of the base of the pile P =Circumference = average effective overburden pressure over the embedded depth of the pile = average lateral earth pressure coefficient = angle of wall friction
Parametric study
In the present work, two cases are simulated in PLAXIS 2D program and investigated aiming to understand the influence of weak soil on the ultimate pile capacity.
In this study, a total of 97 cases are studied that were divided into two groups; the first one included the piles embedded in dense soil only, the second group included piles embedded in the dense sand with a layer of weak soil at different extension and location (96 cases). Details of these cases are shown in Figure ( 
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Numerical model, step-by-step procedure in Plaxis program
Boundary condition
The cross section of the geometry used in this study was designed as an axisymmetric model, and according to [10] , the boundary condition recommended at least 5D in the lateral direction, and (L+5D) in the vertical direction where D and L are the diameter and length of piles, respectively. These boundaries condition are necessary to minimize the boundary effect on zone around the shaft, not affecting the deformations and providing sufficient accuracy for the analysis.
Material and properties
In this study, the soil is modeled as Mohr-Coulomb, with five input parameters; Young's moduli, Poisson's ratio, cohesion, the angle of shearing strength, and dilatancy angle. The parameters of soil used in this study are shown in Table (1). The material of the pile foundation used in the present work that is represented by the linear elastic model. The value of the modulus of elasticity for the pile is (30 GPa), unit weight, γ c =25 kN/m 3 , and a Poisson's ratio, v=0.2.
Mesh
In this study, 15-node element was chosen because it is in an accurate element that can produce high-quality stress results for different problems.
Interface
When using 15-node soil element, the corresponding interface element is defined by five pairs of nodes, whereas for 6-node soil elements the corresponding interface elements are defined by three pairs of nodes.
Calculations
After the definition of the model comes the generation of initial effective stress where the pile is deactivated, and there is only soil material. The procedure considers only soil weight and calculates effective stresses in soil elements and interfaces. The initial horizontal effective stress is related to the initial vertical effective stress by the coefficient of earth pressure at rest k o ( ). The default k o value is based on Jaky's formula (1-sin ∅) for normally consolidation soils. When the K0 procedure is adopted, vertical stresses are generated in equilibrium with the self-weight of the soil. The next step is the calculation process, which is divided into calculation phases, much like project phases. Each calculation phase is divided into some calculation steps because the non-linear behavior of the soil requires loading to apply in small proportions, called load steps.
There are many options available for calculations phase in the program; the most appropriate for the case studied is the staged construction where the user can specify a new state that is to reach at the end of calculation phase. It is possible to change the geometry and load configurations (activate pile and activate loads). 
Results and discussion
In the present study, a failure load defined as that which causes a settlement equal to 10 percent of the pile diameter to study the effect of weak soil on the ultimate pile capacity.  In many soil profiles, it occasionally exists weak soil layers; these layers may be extended with limit width. In this research, the weak layer width is considered to change as (0.5m), (0.75m), (1.5m), and fully extended, measured from pile side surface .  Figures (3 to 5) show the effect of weak soil layer extension on the ultimate capacity ratio, (UCB) and the angle of internal friction of this layer is 25°. From these figures, it can be observed that the increase in the weak soil width (extension) leads to reduction of the ultimate capacity of the pile. This phenomenon is applicable to all depths of the weak soil. The influence of weak layer extension on the ultimate capacity is less when it's present in the upper soil layers. This is due to the fact that amount of the load transfer from pile to soil increased, where more load transfer at lower depths .  The behavior of the curves in these figures indicates that ultimate pile capacity decreases with increase in weak soil layer extension (width). This is true for all weak layer thickness and depth, but the reduction in the ultimate pile capacity becomes very little and may have fixed values for certain weak soil layer width. For existing of weak soil layer at upper mid-half of the pile length, the fixed values of ultimate pile capacity may be found at the width of (1.5) m for weak soil layer, measured from the pile side. Existing of weak soil layer at lower depths may have constant values at more than (2.5) m width.  Figures (6 to 8) show the effect of weak soil layer extension on the ultimate capacity ratio, the angle of internal friction of this layer is 30°.  Same behaviour and effect of existing of weak soil layer as in the previous article ( = 25), except that, the ultimate pile capacity is greater for weak layer soil with ( = 30).  Figures (9 to 11) show the effect of depth weak soil layer centre ( = 25º) on the ultimate pile capacity, figures (12 to 14) same as above but for weak soil layer with the internal friction of ( = 30°).  The trend of behaviour of curves in all the figures seems to be similar, where the increasing depth of weak soil layer led to decrease the ultimate capacity ratio, regardless of the thickness of this weak soil layer. This reduction increases as the width of weak soil layer increases.  The minimum ultimate pile capacity was found to be close to pile base, as shown in Tables (2) and (3), the reduction ranges between (0.96 -0.92) for weak soil layer with internal friction of ( = 25º) and between (0.97 -0.94) for weak soil layer with internal friction of ( = 30º).
Conclusions
Based on the results of the numerical study on the pile penetrate weak soil layers, the following conclusions can be drawn. Increasing of the weak soil width (extension) leads to reduction in the ultimate capacity of pile. These phenomena are applicable to all depths of the weak soil. The influence of weak layer extension on the ultimate capacity be less when it is present in the upper soil layers. For existing of weak soil layer at upper mid-half of the pile length, the fixed values of ultimate pile capacity may be found at width of (1.5) m for weak soil layer, measured from the pile side. Existing of weak soil layer at lower depths may have constant values at more than (2.5) m width.
Fig. 3.
Relationship between UCR and weak soil layer with thickness of (0. 5m) and friction angle ( = 25º) at different depths Table 2 . Effect of weak soil layer ( = 25º) depth, thickness, and extension on the ultimate capacity of pile (kN). Table 3 . Effect of weak soil layer ( = 30º) depth, thickness, and extension on the ultimate capacity of pile (kN).
